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The Role of NonphotosyntheticMicrobes
in the Recovery of Biological Soil Crusts
in the Gurbantunggut Desert,
Northwestern China
N. Wu1, Y. M. Zhang1, H. X. Pan1, and J. Zhang12
1Key Laboratory of Biogeography and Bioresources in Arid Land,
Xinjiang Institute of Ecology and Geography, Chinese Academy
of Sciences, Urumqi, China
2Graduate School, Chinese Academy of Sciences, Beijing, China
The mechanisms regulating the recovery of biological soil crusts (BSCs) due
to the presence of nonphotosynthetic microbes were investigated using a soil
scalping technique. Microscopic examinations identiﬁed the “glue” and “rope”
action of bacteria and fungi at the initial stages of recovery of BSCs prior to the
appearance of cyanobacteria. Extracellular polymeric substances (EPS) excreted
by bacteria principally contained glucose and mannose. The optimum conditions
for EPS production included the availability of glucose as the carbon source, the
presence of CaCO3 (2g/L), KH2PO4 (0.3g/L), and MgSO4 (0.1g/L), a pH of 7 and
incubation at 37C for 72h. Crust-forming tests in the laboratory and in the ﬁeld
demonstrated that inoculation of bare sand with oligotrophic bacteria was effective
in accelerating the recovery of BSCs. The number of nonphotosynthetic microbes
(especially actinomycetes and fungi) recorded in both the crust layer (0–2cm) and
subsurface layer (2–5cm) was higher after 3 years than after 1 year. Microbial
spatial variability of BSCs was related to nutrient status, especially available N.
Keywords developmental BSCs, extracellular polymeric substances, Gurban-
tunggut Desert, nonphotosynthetic microbes, nutrient status
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Role of Nonphotosynthetic Microbes in the Recovery of BSCs 43
1. Introduction
Several studies have indicated that biological soil crusts (BSCs) in desert ecosystems
can prevent soil erosion by water or wind (Bowker, Belnap, Chaudhary and
Johnson, 2008; Zhang et al., 2006), affect precipitation inﬁltration and water
retention (Eldridge, Zaady, and Shachak, 2000; Thiet, Boerner, Nagy, and Jardine,
2005), ﬁx nitrogen (Housman, Powers, Collins, and Belnap, 2006; Wu, Zhang, and
Downing, 2009) and inﬂuence the creation, stability, and fertility of soil (Eldridge
and Leys, 2003). Moreover, BSCs have been shown to increase the diversity of
vascular plants (Su et al., 2007) and stabilize sand dunes in the Gurbantunggut
Desert.
In recent years, much interest has been focused on the formation and recovery
of BSCs in desert ecosystems (Belnap, 1993; Kidron, Vonshak, and Abeliovich,
2008) because of the importance of BSCs in the maintenance of soil stability
(Chaudhary et al., 2009). Algal-cyanobacterial crusts have been considered to be
early successional crusts due to the lack of carbon for heterotrophic microbes in
the initial stage, discounting an earlier sere dominated by heterotrophic organisms
(Belnap and Eldridge, 2003). Numerous studies have been conducted to investigate
the role of crucial photosynthetic colonizers, for example, cyanobacteria and micro-
algae, using traditional cultivation-dependent methods, microscopic observations
(Acea, Diz, and Prieto-Fernández, 2001; Acea, Prieto-Fernández, and Diz-Cid,
2003; Belnap, 1995, 2003; Mazor, Kidron, Vonshak, and Abeliovich, 1996; Thomas
and Dougill, 2006; Zhang, Wang, Wang, Yang, and Zhang, 2006), and advanced
molecular techniques (Yeager et al., 2004). A recent study, based on laboratory
experiments and ﬁeld applications, recommended inoculation of sand barriers with
cyanobacteria to accelerate the recovery of BSCs (Wang et al., 2009).
However, prior to the appearance of cyanobacteria, studies of early colonizing,
nonphotosynthetic microbes have demonstrated the importance of oligotrophic
bacteria and fungi in stabilizing sand and facilitating subsequent recovery of
BSCs (Bamforth, 2008; Belnap, 1995; Pan et al., 2007). Extracellular polymeric
substances (EPS) excreted by bacteria (Kumar et al., 2004) and intertwined, rope-
like aggregations of fungal hyphae (States, Christensen, and Kinter, 2003) may have
complex functions for absorption of moisture, ﬁlm formation, and protection during
the succession of BSCs (Kumar et al., 2004). Recent studies focusing on newly
exposed glacial substrates discussed the possibility of succession being pioneered by
nonphotosynthetic microbes and found that ancient and recalcitrant carbon were
used by nonphotosynthetic microbes as a source of energy (Bardgett et al., 2007).
This seemed to be a reasonable explanation for the ability of heterotrophic microbes
to function in the absence of carbon inputs from autotrophs at the beginning
of succession. However, few studies have speciﬁcally described the primary,
nonphotosynthetic, bacterial colonizers (Garcia-Pichel, Johnson, Youngkin, and
Belnap, 2003; Nagy, Pérez, and Garcia-Pichel, 2005; Wheeler, Flechtner, and
Johansen, 1993), and fungal colonizers (States and Christensen, 2001) associated
with the formation of BSCs.
The objective of this study was to investigate the function of nonphotosynthetic
microbes in the formation of BSCs in the Gurbantunggut Desert, speciﬁcally to
determine whether nonphotosynthetic microbes could stabilize, then break down
soil particles to a point where increasing soil nutrients could be utilized to create
a suitable environment for subsequent recovery of BSCs. We carried out tests in
the laboratory and in the ﬁeld to identify, and then use bacteria species capable of
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44 N. Wu et al.
surviving harsh, arid environments in order to increase the recovery rates of BSCs
with the assumption that if bacterial crusts are able to accelerate the establishment
of photoautotrophic crusts, this may be a means of speeding up subsequent BSC
succession.
Materials and Methods
Study Area
The study took place in the Gurbantunggut Desert, which is situated in the center
of the Jungger Basin, in the Xinjiang Uygur Autonomous Region of China. It is
the second largest desert in China, with an area of 48800 km2 (4411′–4620′N,
8431′–9000′E). Because of the “rain shadow” of Himalayan uplift, moist air
currents from the Indian Ocean fail to reach the area, resulting in a vast arid
terrain. Mean annual precipitation is 79.5mm, mean annual evaporation 2606.6mm,
average temperature 726C, annual mean active accumulated temperature (≥ 10C)
3000–3500C and average wind speed 112m s−1 (Zhang et al., 2007, 2009). The
natural vegetation is dominated by Haloxylon ammodendron (C. A. Meyer) Bunge
and Haloxylon persicum Bunge ex Boissier & Buhse. Ephemeral and ephemeroid
plants are also present because of the prolonged period of snow accumulation in
winter and snow melt in spring (Zhang et al., 2009).
The southern part of the Gurbantunggut Desert was chosen as the
study area because it contains characteristic BSCs found throughout the
desert: cyanobacteria-dominated crust (including Microcoleus vaginatus (Vauch.)
Gom., Microcoleus paludosus (Kutz.) Gom., Anabaena azotica Ley, and Lyngbya
martensiana Meneghini); lichen-dominated crust (including Collema tenax (Sw.)Ach.,
Psora decipiens (Hedw.) Hoffm, Xanthoparmelia desertorum (Elenkin) Hale, and
Diploschistes muscorum (Scop.) R. Sant); moss-dominated crust (including Syntrichia
caninervis Mitt., Bryum argenteum Hedw, and Tortula muralis Hedw.) (Wu et al.,
2009; Zhang et al., 2007) (Figure 1).
Field Experiment Layout
In 1999, a typical, longitudinal sand dune (4432′30′′N, 886′42′′E, with an
elevation of 447m) was selected as a permanent site. We selected an area covered
only with biological soil crusts in order to avoid any complications from the
presence of vascular plants. From the interdune area, we randomly selected three
5× 5-m permanent plots at approximately 10m intervals, mainly based on visual
observation of BSC development (algal crust, lichen crust, or moss crust). Here,
the stable, ﬁne-textured soils supported high cover (>90%) and thickness (around
5cm) of BSCs. Silt and clay content trapped as dust by BSCs amounted to
approximately 15%. The alkaline environment was reﬂected in the pH values which
varied from 8.43 to 8.66. The average content of CO2−3 was 0.0005%, HCO
2−
3 was
0.0145%, Cl− was 0.002%, SO2−4 was 0.0025%, Ca
2+ was 0.0045%, Mg2+ was 0.001%,
K+ was 0.0025%, and Na+ 0.001% (Li, Ren, Zhou, and Liu, 2005).
To eliminate the possibility of crust recovery due to upward migration from
beneath the surface, a 10-cm thick topsoil layer was completely removed in 1999.
The natural regeneration of BSCs on these established, permanent plots was
monitored in October 2000 and in October 2002. The soil surface was moistened
prior to sampling to protect the structure of the BSCs. We used a sterile spatula to
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Role of Nonphotosynthetic Microbes in the Recovery of BSCs 45
Figure 1. Gurbantunggut Desert (left) and types of biological soil crusts (right).
(a) Cyanobacterial-dominated crusts (light color, devoid of surface pigmentation; most
abundant in the middle to the top of longitudinal sand dunes); (b) lichen-dominated crusts
(predominant type of biological soil crusts in the desert where different species of lichen can
be black, white, brown, yellow, or blue in color; most abundant in the lower dune slopes
to interdune areas); (c) moss-dominated crusts (scattered within the interdune areas) (Zhang
et al., 2007).
collect samples from the surface layer (0-–2 cm, with three replicates) and subsurface
layer (2-–5 cm, three replicates). Samples were dehydrated before storage, sealed
with tape, and placed separately in plastic zip-lock bags to prevent microbial
activity after collection and avoid sample contamination (Nagy et al., 2005). Six
samples were taken from each 5× 5-m permanent plot, a total of 18 samples for
each sampling period. In the laboratory, each soil sample was divided into two
subsamples. One subsample was used for microbial analysis—the other for nutrient
analysis.
Samples for microscopic analysis were collected using a 5.4-cm diameter
aluminium container with a surface area of 2289 cm2, approximately 2 cm deep. Six
replicates were collected from each 5× 5-m permanent plot.
All samples were immediately transported to the Xinjiang Institute of Ecology
and Geography at the Chinese Academy of Science and stored at 4C.
Microscopic Analysis
Microscopic observations were conducted following the methods previously
described by Chen et al. (2009) and Zhang et al. (2006).
To observe the microstructure of sand particles, the undisturbed samples were
separated and immersed in liquid nitrogen. These were freeze-dried overnight, glued
onto aluminium stubs, and coated with gold. Observations were performed on
a LEO1430VP Scanning Electron Microscope (SEM, LEO Corp., Oberkochen,
Germany) (Zhang et al., 2006).
For microstructure observation of thin sections, the samples were dried at 45C
for 48h, then impregnated with epoxy resin and catalyst (13% volume of epoxy
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46 N. Wu et al.
resin) mixture. The saturated samples were then dried at 65C for 24h (Geng and
An, 1978) and the hardened samples cut into 3× 3 cm slices with a thickness of
0.03mm (Zhang et al., 2009) using a diamond knife. The slices were examined using
an Olympus BX51 digital microscope (Olympus Corp., Tokyo, Japan) (Chen et al.,
2009; Singh, Kanwar, and Thompson, 1991).
Microbial Counts
Microbial counts were conducted following standard culture methods
previously described by Acea and Carballas (1999), Acea et al. (2001), and
Garcia-Pichel et al. (2003). Samples (10g) were weighed into 250-mL Pyrex bottles
(Gene Corp., Shanghai, China) containing 100mL sterile, distilled water and
shaken for 10min using a magnetic stirrer at half speed. The suspension was
diluted in ten-fold series in 250-mL Pyrex bottles. Five petri dishes containing solid
media were inoculated with each dilution. Bacteria were counted in agar-PGY
medium containing peptone, glucose, and yeast extract (Garcia-Pichel et al., 2003),
actinomycetes were counted in dextrose-nitrate medium, and fungal propagules were
counted on Czapeck-Dox medium (Acea et al., 2001). Bacteria and actinomycetes
were cultured at pH 7.0, fungi were cultured at pH 4.5 (Acea et al., 2001). Plates
were incubated at 28C for 3–7 days. Amounts were determined by the pour plate
method (Kumar, Balakrishna, and Batra, 2008) and expressed as colony-forming
units (cfu) per 1g of soil.
Nutrient Analysis
These analyses were carried out according to standard methods for soil properties
previously described by Chen, Wang, Li, and Ruan (2007). Soil organic matter
was determined by potassium dichromate oxidation reaction, total N by CuSO4-
Se powder diffusion method, total P by NaOH Melting-Mo Te Sc colorimetric
method, total K by NaOH melting-ﬂaming luminosity method, available N by alkali
hydrolysis-diffusion method, available P by 05mol · L−1 NaHCO3 leaching-Mo
Te Sc colorimetric method, and available K by the 1mol · L−1 NH40Ac leaching-
ﬂaming luminosity spectrometric technique (Zhang et al., 2009).
Content and Chemical Composition of Polysaccharide
The oligotrophic bacteria liquid culture medium contained KH2PO4 (0.2g/L), NaCl
(0.2g/L), MgSO4 (0.1g/L), CaCO3 (3g/L), and C (10mg/L) with an initial pH of
7, extinguishing for 30min at 113C (Pan et al., 2007).
Isolation and puriﬁcation of extracellular polymers were carried out using
methods previously described by Hu et al. (2003) and Kumar et al. (2004). Polymer-
producing oligotrophic bacteria were separated from the centrifuged suspension
and quickly freeze-dried. The suspensions were added to a DEAE-Sepharose fast
ﬂow column (50× 5 cm, coupled to a P-1 [Pharmacia] peristaltic pump [Gene
Corp., Shanghai, China]) with chloride as the counter ion at 0.5–1mL min−1
(Hokputsa, Hu, Paulsen, and Harding, 2003; Hu et al., 2003). Phenol-sulphuric
acid assay was used to examine the carbohydrate elution proﬁle (Dong, Zheng,
and Fang, 1996). Distilled water at 2mLmin−1 was used to elute the column in
order to collect the neutral component (Hu et al., 2003). Spectrapor dialysis tubes
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Role of Nonphotosynthetic Microbes in the Recovery of BSCs 47
(molecular weight cut-off of 3500) were used to dialyze the fractions containing
polysaccharide (Hokputsa et al., 2003; Hu et al., 2003). A TurboMass Mass
Spectrometer (Perkin Elmer, Massachusetts, USA) was used to determine the
monosaccharide composition.
Crust-Forming Test
A loop of polymer-producing oligotrophic bacteria was put into a 250-mL triangle
bottle containing 50mL liquid medium and cultured on a rotary shaker at 37C for
72h. Subsequently, 5mL of the culture solution was removed and put into a 500mL
triangle ﬂask containing 25mL liquid medium and cultured by the same process
previously mentioned. Finally, distilled water was used to dilute the culture solution to
1200mPa · S for the crust-forming test (Pan et al., 2007). An NDJ-79 viscometer was
used to examine the intrinsic viscosity at 25C (Yang, Ding, and Montgomery, 2002).
Crust-forming tests were performed both in the laboratory and in the ﬁeld.
In the laboratory, the oligotrophic bacterial culture solution (50mL) was sprinkled
onto the surface of a sand-ﬁlled dish, 30 cm long, 20 cm wide, and 5cm high. For
comparison, distilled water (50mL) was sprinkled onto sand in another identical
dish. The ﬁeld crust-forming test was carried out in the Turpan Eremophytes
Botanical Garden, Xinjiang Institute of Ecology and Geography, Chinese Academy
of Sciences (8911′E, 4051′N). Field inoculation was performed by spraying the
oligotrophic bacterial culture solution (5000mL) onto the sand surface of one
3× 3-m plot and distilled water (5000mL) onto a second 3× 3-m plot as a control
(Pan et al., 2007).
Statistical Analysis
The SPSS (version 10.0, Chicago, IL) statistical software package was used to
process data. The levels of variation among samples and levels of signiﬁcance,
if present, were estimated and compared by Least Signiﬁcant Difference (LSD)
multiple range tests at 0.01 levels. The correlation statistical analyses were used to
test the hypothesis that microbial spatial variability is related to the nutrient status
of developmental BSCs.
Results
Microscopic examination revealed that nonphotosynthetic microbes contributed
to soil stabilization in 1 year old crust in the complete absence of ﬁlamentous
cyanobacteria. At this stage, there was no difference between the sand surface
morphology and that of the sand subsurface (Figures 2a and 2b). The exposed surface
was cemented by glue-like EPS produced by bacteria (Figures 2c and 2e) and sand
grains were trapped by intertwined, rope-like fungal hyphae (Figure 2d). Examination
of soil slice microstructure did not detect any ﬁlamentous cyanobacteria in 1-year-
old BSCs, nor were cyanobacteria observed in the microstructure of sand particles.
Neogenetic minerals, such as hydrous mica, which indicates high rates of mineral
erosion, were not observed in young BSCs (Figure 2f).
Arabinose, glucose isomer, glucose, galactose, and mannose were present in
EPS released by oligotrophic bacteria and showed the mol ratio as 1:14:19:6:14.
Monosaccharide composition was expressed as a percentage (%) of total
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48 N. Wu et al.
Figure 2. Scanning electron microscope (SEM) micrographs of 1-year-old microbial crust
surface and the images of sand grains bonded together by viscous EPS secreted by
oligotrophic bacteria and by “rope-like” fungal hyphae. (a) There was no obvious
morphological difference between the sand surface and the sand subsurface. No ﬁlamentous
cyanobacteria could be found; (b) the open structure of the crust; (c, e) sand grains linked to
each other by monosaccharides secreted by oligotrophic bacteria (the arrows indicate links
between sand grains); (d) sand grains entrapped by fungal ﬁlaments; (f) photomicrographs of
vertical thin sections of studied soils. No ﬁlamentous cyanobacteria or neogenetic minerals
such as hydrous mica were detected.
carbohydrate content (Table 1), the highest of these was glucose at 35.29%.
The optimum conditions for the production of EPS from oligotrophic bacteria were
sucrose as the carbon source; CaCO3 (2g/L); KH2PO4 (0.3g/L); MgSO4 (0.1g/L);
initial pH 7; seed age 72–84h; inoculation quantity 15%; incubation at 37C for 72h;
50mL medium in a 250mL ﬂask.
The results of the oligotrophic bacteria, crust-forming experiment under
laboratory conditions are shown in Figure 3. The sand surface sprinkled with
oligotrophic bacterial culture formed a crust of approximately 2mm after 3 days
(Figures 3b and 3c). Crust did not form in the control dish sprinkled with tap water
(Figure 3a). Similar results were recorded in the ﬁeld plots, where a 6mm crust
was detected 2 months after sprinkling with oligotrophic bacterial culture solution
(Figure 3d). Crust did not form in the control plots that were sprinkled with water.
The distribution patterns of nonphotosynthetic microbes were determined
at the centimeter scale during the recovery of BSCs. A large number of
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Role of Nonphotosynthetic Microbes in the Recovery of BSCs 49
Table 1. Monosaccharide composition of EPS produced by
oligotrophic bacteria and the cyanobacterium Microcoleus vaginatus
Content (%)
Oligotrophic Cyanobacterium
Composition Bacteria (Microcoleus vaginatus)
Arabinose 1.55 9.7
Rhamnose – 5.8
2-O-methyl rhamnose – 4.8
Fucose – 4.7
Xylose – 8.8
Mannose 26.01 21.5
Galactose 11.15 18.6
Glucose 35.29 20.4
Galacturonic acid – 4.9
Glucuronic acid – 3.7
N-acetyl glucosamine – 2.1
Glucose isomer 26.01
this study Hu et al., 2003
nonphotosynthetic microbes (15× 106 cfu · g−1 dry soil crust) was present in the
early BSCs (Table 2). Among the different microbial groups, the percentage of
bacteria was highest (78.1–91.2%), followed by actinomycetes (8.8–21.8%) and
fungi (0.05–0.22%). Nonphotosynthetic microbes were not randomly distributed
throughout the recovering BSCs. The number of nonphotosynthetic microbes
(especially actinomycetes and fungi) settling in both the crust layer (0–2cm) and
subsurface layer (2–5cm) was higher after 3 years than 1year. It must be pointed
out that frequently only a small fraction of the microbial population is estimated by
the culturing methods used (Torsvik, Sorheim, and Goksoyr, 1996).
Figure 3. Crust-forming tests of oligotrophic bacteria under both laboratory and ﬁeld
conditions. (a) The sand surface sprinkled with tapwater did not form a crust; (b, c)
3 days later, the sand surface sprinkled with the oligotrophic bacteria agent formed a crust
approximately 2mm deep; (d) in the ﬁeld trial, a crust 6mm deep had formed 2 months
after the sand surface was sprinkled with the oligotrophic bacteria agent.
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After 3 years, there was signiﬁcant accumulation in the crust layer of organic
matter, total P, total K, available N, available P, and available K (p < 001)
(Table 2). Correlation analysis revealed the fact that organic matter could affect
major soil nutrient content variables (p < 001), with the exception of available N,
and also the number of fungi (p < 001). We also found positive correlations
between available N and the number of bacteria (p < 005), actinomycetes
(p< 001), and fungi (p < 001) (Table 3).
Discussion
The current research has highlighted nonphotosynthetic microbes as initial
colonizers of desert soils, because in the absence of commonly occurring primary
cyanobacteria, they are likely to be already present and can function not only
as “glue” but also as “rope” at the ﬁrst stage of recovery of BSCs (Figure 2).
These results agree with those of studies of glacial ecosystems where heterotrophic
microbes appeared before the commencement of autotrophic recovery and obtained
considerable carbon source for survival (Bardgett et al., 2007). A different result was
obtained in BSCs of the Negev Desert where protein, an important nitrogen source
for heterotrophic microbes, showed a slower recovery rate than that of chlorophyll,
the parameter reﬂecting growth rate of the photoautotrophic microbial component,
implying that the growth rate of heterotrophic microbes was slower than that of
photoautotrophic microbes (Kidron et al., 2008).
The characteristics of the initial heterotrophic recovery phase of BSCs are
worth consideration. Firstly, the EPS secreted by oligotrophic bacteria bear
a strong resemblance to “glue,” and in this study were composed mainly of
glucose and mannose (Table 1). It is likely that surface-removed plots could
be bonded by such “glue” (Figures 2c and 2e). Some observations suggest that
EPS could maintain available moisture around nonphotosynthetic microbes, a
characteristic that would enhance survival in the harsh conditions in BSCs,
especially in summer when there are frequent shifts between short dry and
wet periods (Mazor et al., 1996). After 3 years, the BSCs of exposed sandy
surfaces were colonized by communities of ﬁlamentous cyanobacteria, principally
dominated by the cyanobacterium Microcoleus vaginatus (Zhang et al., 2009). In
contrast to oligotrophic bacteria, Microcoleus vaginatus produced more complex
EPS (Hokputsa et al., 2003); however, glucose and mannose were still abundant
(Table 1). This implies that we should give much more attention to glucose and
mannose in further studies.
Secondly, we found that fungal hyphae played a role as “rope” with which
soil particles were bound together (Figure 2d). However, after 3 years, fungal
numbers had increased signiﬁcantly (Table 2) and both fungi and ﬁlamentous
cyanobacteria displayed this “rope-like” function (Zhang et al., 2009). Signiﬁcant
correlation between fungi numbers and organic matter content (Table 3) were
comparable with earlier ﬁndings which showed that microbial biomass tended to
increase with crust maturity (Garcia-Pichel et al., 2003). A similar strong correlation
was found between organic matter content and arbuscular mycorrhizal (AM) fungi
in a desert ecosystem of southern Utah (Chaudhary et al., 2009). The high soil
nutrient concentrations (Table 2) could enhance the survival of fungi in BSCs
after 3 years of recovery. Available N ﬁxed by ﬁlamentous cyanobacteria (such
as Microcoleus vaginatus) (Wu et al., 2009) seems to be a key factor in affecting
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the number of fungi, bacteria, and actinomycetes (Housman et al., 2007). Previous
work has also shown that crust-dwelling fauna such as soil nematodes increased in
number when favorable nutrient input was provided by mature BSCs (Bamforth,
2008; Darby, Neher, and Belnap, 2007).
Since soil stability is so important in desert ecosystems facing severe soil erosion,
many studies have highlighted the need for understanding both the mechanisms
that underly soil stability and the relative contributions of various organisms
including vascular plants, BSCs, and AM fungi (Chaudhary et al., 2009; Wang et al.,
2006; Zhang et al., 2006). Using multivariate modeling, recent comparison of the
relative contributions of various organisms showed that BSCs had the greatest direct
inﬂuence on soil surface stability followed by vascular plants and lastly by AM fungi
(Chaudhary et al., 2009). Previous studies based on microscopic examinations, wind
tunnel tests (Zhang et al., 2006), and tensile tests (Wang, Zhou, and Zheng, 2006)
have consistently demonstrated the contribution of cyanobacterial crusts to soil
structure and surface stability. Our current data based on microscopic observations
and crust-forming tests further supports the conclusion that nonphotosynthetic
microbes, particularly oligotrophic bacteria and fungi, directly inﬂuenced surface
soil stability prior to the appearance of ﬁlamentous cyanobacteria.
Most practical tests have implied that inoculation of soils with cyanobacteria
can accelerate the recovery rates of BSCs (Wang et al., 2009). Our data, based on
crust-forming tests both in the laboratory and in the ﬁeld, provide new insights
into the feasibility of using cultures of oligotrophic bacteria to inoculate soils for
the restoration of BSCs (Figure 3). Nutrition, light and temperature, growth stage,
and age of the culture all affect EPS production. These are preliminary results from
our pilot studies and show that further experimentation on a much larger scale with
replication is necessary to conﬁrm these ﬁndings.
Surprisingly, in the Gurbantunggut Desert, rates of recovery have been shown
to be quite rapid—2 years for cyanobacterial crusts, 5 years for lichen crusts, and 7
years for moss crusts (Zhang et al., 2009). The rapid recovery time of cyanobacterial
crusts in the Gurbantunggut were consistent with the data (1 to 5 years) reported
for North America by Johansen (1993) but much shorter than the 35 to 65 years
reported by Belnap (1995). In the Negev Desert, using a similar scalping technique
to that used in this study, recovery times were from 17 to 22 years (Kidron
et al., 2008). The results of this pilot study suggest that inoculation of desert soils
using cultures of oligotrophic bacteria may be a feasible option for restoration
of BSCs. This is a ﬁeld that is largely unknown and deserves further scientiﬁc
investigation.
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